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PROCAINE PENICILLIN ADMINISTERED ORALLY:
COMPARISON WITH SODIUM PENICILLIN*
WILLIAM P. BOGER, M.D. AND JOHN 0. BEATTY, M.D.
There are to our knowledge, oniy two reports on the oral administration of
procaine penicillin (1, 2), and in both of these reports, comparisons have been
made between procaine and sodium penicillin, but the conclusions drawn are
strikingly dissimilar. On the one hand, when a comparison of 500,000 unit doses
was made, it has been stated that "crystalline procaine penicillin G appeared in
the serum in a much lower concentration and disappeared more rapidly than did
crystalline sodium penicillin G" (1), and on the other, when a comparison of
200,000 unit doses was made, the averages of the plasma concentrations and the
urinary recoveries that resulted from the use of buffered tablets of procaine peni-
cillin and a buffered tablet of potassium penicillin, did not differ significantly
(2). It should be stated that the conditions under which procaine and sodium
penicillins were compared were not the same in the two studies. In the one case,
the penicillins were administered to patients in the fasting state (1), and in the
other the penicillin was administered shortly after a meal (2); furthermore, in one
instance, different groups of patients were compared (1), whereas in the other
the same group of patients was compared (2) when given the two types of peni-
cillin. Because of the disagreement in the results reported on the comparison of
orally administered procaine and sodium penicillins, the following study was
conducted.
MATERIALS AND METHODS
Thirty individuals were studied, 12 healthy young adults, and 18 hospital
patients without obvious cardiac, hepatic or renal disease. All subjects were in
the fasting state at 8 A. M. when they received the oral doses of penicillin, and
were not permitted to ingest food for at least one hour thereafter.
Unbuffered tablets of procaine and sodium penicillins were used throughout,
and assays of potency done immediately prior to the use of these tablets showed
that the tablets contained, within 10 per cent, the 250,000 units of penicillin
claimed. Procaine penicillin tablets were obtained from two sources, the only
difference between them being the time required for disintegration when tested
under standard conditions. The same lot of sodium penicillin was employed
throughout the investigation. All blood samples were drawn into heparinized
tubes, the red blood cells separated by centrifugation, the plasma harvested and
stored in the frozen state at —20°F until assayed. Penicillin plasma concentra-
tions were done by the Sarcina lutea cup-plate method, using strain P.C.I. 1001.
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Penicillin values of 0.5 units per ml. or lower were verified by duplicate deter-
minations in the presence of penicillinase.
RESULTS
The published results on procaine penicillin (1, 2) can not be compared be-
cause in one instance, penicillin was administered in the fasting state, and in the
other, the antibiotic agent was given shortly after a meal. It seemed desirable,
therefore, to determine what the difference might be in the plasma concentra-
tions and the urinary recoveries resulting from the administration of the same
CHART I
dose of sodium penicillin in the fasting and non-fasting states. The results of such
a comparison are presented in Chart I; and whereas, the plasma concentrations
behaved in a uniform manner from patient-to-patient when the antibiotic agent
was administered in the fasting state, plasma concentrations were much more
erratic and unpredictable when the same amount of penicillin was administered
to the same patients in the non-fasting state. Despite the differences in the pat-
tern of plasma concentrations under these two circumstances, the urinary re-
coveries over a 24-hour period were not significantly different, (fasting 16.65
per cent, non-fasting 10.81 per cent). When critical comparisons are being made
between penicillin preparations for oral administration, the subjects receiving
the preparations should be in the fasting state.
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Because there was a difference in the disintegration time of the tablets of
procaine penicillin obtained from two Sources, it was of interest to determine
whether or not the factor of tablet disintegration-time might influence plasma
concentrations and urinary recoveries of penicillin. Accordingly, the same pa-
tients who had been studied in the fasting and non-fasting state were given on two
occasions, three days apart, 500,000 units of procaine penicillin in the form of
tablet 'A' and tablet 'B'. The differences in both plasma concentrations and uri-
nary recoveries were significantly different. The average urinary recovery of
penicillin after tablet 'A' was 4 per cent and after tablet 'B', 30 per cent. The
plasma concentrations resulting from the administration of 500,000 units of
tablet 'A', the slowly disintegrating preparation of procaine penicillin, are in
good agreement with the data previously reported (1) for procaine penicillin
tested at the same level of dosage. From these observations it seems clear that
when comparisons are made between oral penicillin preparations, the disintegra-
tion time of the tablets administered is extremely important.
In Chart III are presented the plasma concentrations and the urinary re-
coveries of penicillin when 500,000 units of sodium and procaine penicillin (rapidly
disintegrating tablet) were administered orally to the same subjects in the fast-
ing state. No statistically significant differences were observed between the
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plasma concentrations or the urinary recoveries of penicillin after the administra-
tion of the two salts of penicillin.
A second group of six healthy adult males were compared on two occasions
separated by five days; sodium penicillin in a dose of 1,000,000 units being ad-
ministered on the one occasion, and 1,000,000 units of procaine penicillin on the
other. Again the pattern of plasma concentrations was the same after the two
types of penicillin and the magnitude of the penicillemia was not statistically
different. Likewise the averages of the 24-hour urinary recoveries were approxi-
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mately equal, that on the sodium salt being 29 per cent and that on the procaine
salt being 34 per cent.
Because it had been possible to demonstrate a striking difference in both plasma
concentrations and urinary recoveries, resulting from the oral administration of
tablets that differed markedly in their disintegration times, it was of interest to
determine plasma concentrations after the administration of a liquid suspension
of procaine penicillin. Accordingly, three groups of hospital patients, six individ-
uals in each group, received 250,000 units, 500,000 units, and 1,000,000 units
respectively of a liquid suspension of procaine penicillin. Blood samples were
drawn thereafter at intervals of , 2, 4, 6 and 8 hours. The plasma concentrations
of penicillin resulting from the administration of these doses of penicillin to these
three groups of patients, are presented in Chart V. The results observed were in
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good agreement with those that were obtained after the administration of 500,000
and 1,000,000 unit doses of procaine penicillin in the form of tablets. (Charts
III and IV.)
DISCUSSION
Procaine penicillin is soluble to only a limited extent in water and oil, approxi-
mately 7,000 units per ml. of either medium, and in this respect, differs from
sodium or potassium penicillins which are exceedingly soluble in water. Procaine
penicillin (3) and other insoluble penicillin salts (4) have been proposed for pro-
longing the plasma concentrations of penicillin after the intramuscular injection
of penicillin and procaine penicillin is widely used on the basis of its proven abil-
ity to accomplish this result. It has been suggested (5) that an insoluble salt of
penicillin by reason of its insolubility might be protected against acid destruc-
tion during passage through the stomach, if an insoluble salt is administered
orally. If such a hypothesis is proved to be correct, it might be anticipated that
insoluble pcnicillins would result in more prolonged plasma concentrations than
are observed after the administration of potassium or sodium salts of penicillin.
Unfortunately, none of the insoluble salts of penicillin when administered by
mouth have proven to be any more effective than sodium or potassium penicillins
(2), indeed, some of them give rise to much lower plasma concentrations and
urinary recoveries (6).
The data presented in Chart II clearly indicate that it is of more than academic
interest to know the disintegration time of tablets of oral penicillin. There is
general agreement that there is marked individual variation in the absorption
of penicillin from the gastrointestinal tract, but that on the average, from 10
to 20 per cent of an administered dose will be absorbed. In accordance with the
expectancy that from a fifth to a tenth of an orally administered dose of penicillin
will be absorbed, it has become the practice to administer a commensurately
large dose when oral penicillin is considered as a substitute for parenteral ther-
apy with penicillin. On the basis of such dosage, an increasing body of evidence
is indicating that many infections can be effectively treated with oral penicillin.
With this increasing acceptance of oral penicillin for the therapy of many condi-
tions, it seems worthwhile to call attention to the fact that some failures of ther-
apy may be in part assignable to failure of penicillin tablets to disintegrate rather
than to failure of the patient to absorb the dose of penicillin or of the physician
to prescribe a sufficient dose of penicillin. One needs only to recall the every-day
experiences with enteric coated tablets to be reminded that the oral administra-
tion of a medication does not insure the fact that the medication will reach the
site for which it is intended. It does not seem amiss to suggest that physicians
should assure themselves, from time to time, that the oral tablets of penicillin
which their patients receive, disintegrate within a reasonable period of time.
This precaution seems to be particularly pertinent in the light of the fact that
a combination of too great compression in the manufacture of tablets and an im-
proper relationship between the amounts of penicillin and cxcipient may result
in a tablet that is nearly insoluble in water (7).
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CONCLUSIONS
1. When 500,000 units of sodium penicillin were administered to the same pa-
tients in the fasting and the non-fasting states, a difference in the pattern of the
plasma concentrations of penicillin was observed, but there was no significant
difference in the amount of penicillin excreted in the urine over a 24-hour period.
2. The disintegration time of tablets of penicillin had a definite effect upon the
plasma concentrations and urinary recoveries of penicillin that were observed.
3. On the basis of 12 carefully controlled patients who served as their own con-
trols in two phases of investigation, it has been demonstrated that there is no
statistical difference in the plasma concentrations or the urinary recovery of
penicillin that are observed when sodium and procaine penicillin are compared
at dosage levels of 500,000 and 1,000,000 units.
4. The study of the penicillin plasma concentrations in 18 patients showed that
the absorption of procaine penicillin when administered orally in a liquid sus-
pension was little different from that following the administration of rapidly dis-
integrating tablets.
5. Sodium and procaine penicillins did not differ significantly with regard to the
penicillemia or the urinary recoveries that were observed after oral administra-
tion of equal doses.
The authors wish to acknowledge the technical assistance of Miss Mary Louise
Cordes and Miss Elizabeth FitzGerald.
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